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A calculation of the effects of extending the test intervals of the turbine interceptor and reheat
stop valves at Beaver Valley Units 1 and 2 was performed using fault tree models and
nethodology from the Westir ““ouse report WCAP-11525, "Probabilistic Evaluation of
Reduction in Turbine Valve Test Frequency,” dated June 1987. The calculation considered
the probabilities of turbine missile ¢jection due to overspeed. The evaluation focused on two
of the three overspeed events defined in WCAP-11525 that would be affected by the test
intervals of the reheat stop valves (RSVs) and interceptor valves (IVs); design and
intermediate overspeed. The third overspeed event in WCAP-11525, destructive overspeed,
do=s not result from failures of RSVs and Vs and was not included in the calculation.

Design overspeed is considered to be an overspeed of 120 percent of rated speed and results
from the following failure sequence

System separation (total loss of load) occurs. (This event is not moauled or
accounted for in the analysis. Its frequency should be determined by Duquesne
Light Co. before applying acceptance criteria.)

Cne or more governor (control) valves or two or more I'Vs stick open, or the
initial protective action of dumping the govemor and interceptor valve
emergency trip fluid header fails upon less of load or upon reaching the
setpoint of the overspeed protection control system.

Stop and reheat stop valves ciose successfully after reaching the overspeed trip
setpoint.

[nterme~iate overspeed is considered to be an overspeed of 132 percent of rated speed and
results from the following failure sequence:

System separation occurs

One or more combinations of RSVs and IVs (in the same steam path) stick
open or fail to close.

Stop valves close successfully after reaching the overspeed trip setpoint.

Because the stop valves or governor valves must close to limit the overspeed and prevent
destructive overspeed, the mechanical overspeed trip function a~d dump of the autostop oil




system is assumed to be successful. Therefore, failures of the components of mechanical
overspeed trip, including the interface valve and 20/AST solenoid valve which dump the
emergency trip fluid, w..e not modeled in the fault trees. Referring to item 2 of the design
overspeed event, failure of the overspeed protection controi (OPC) system and related
solenoid valves, and failure of the 20/AST solenoid valve which dumps the autcstop oil upon
loss of load were considered in the analysis of design overspeed.

Three test intervals of the RSVs and [Vs were considered; 3 menths, 12 months, and 18
months. T=st intervals of the OPC solenoid valves and 20/AST sclenoid valve were assumed
to be 18 months in order to provide a bounding estimate of the failure probability of these
valves. The failure rates of key components of the analysis are given in Table 1

Turbine overspeed probability results are given in Table 1. Design overspeed is minimally
affected by the extension of the IV and RSV test intervals because the overspeed is
dominated by the failure of the control valves. This dominance is shown in Table 3.
Intermediate overspeed probability increases significantly with the extension of the IV and
RSV test interval. However, the products of intermediate overspeed probability and
conditional probability of missile ejection, using the data from Table 2, are all small numbers.

The probabilities of turbine missile ejection are calculated in Table 2. These probabilities can
be multiplied by the average annual frequency of system separaiion for the Beaver Valley

Units so that they can be measured against acceptance criteria. The frequency of system
separation typically ranges from 0.1 to 1.0 per year for plants that are equipped with reverse
power relay systems. These systems delay ‘he wrip of the generator following a trip of the
turbine for approximately 30 seconds or until there is adequate assurance that overspeed will
not occur following a turbine trip which occurs prior t0 generator tnp.

The acceptance criteria in WCAP-11525 was applied to a "total” probability of turbine missile
ejection which summed the turbine missile probabilities for all known cverspeed events. The
analysis for Beaver Valley did not consider destructive overspeed probability or other possible
causes of over +d such as reverse steam flow through failed extraction non-return valves.
Therefore the "general” acceptance criteria of 1.0E-05 per year for turbine missile ejection
from an unfavorably oriented turbine would not be applicable. However, it would be
reasonable to allocate a fraction of the "general” acceptance criteria (5 to 10 percent, . 1
example, but no more than 25 percent) for the design and intermediate overspeed missile
probabilities evaluated herein. This would leave an adequate reserve margin of 75 to 95

percent of the acceptance criteria for other significant overspeed events such as destructiv
overspeed.




IABLE |

[urbine Overspeed Probabilities as Function of
Interceptor Valve (IV) and Reheat Stop Valve (RSV) Test Interval

IV & RSY P(A) P(B)
Test Interval

i MO 1.12E-02 | 24 4K

P(A Probability of design overspeed (120% overspeed)
given that system separation occurs

P(B) Probability of intermediate overspeed (132% overspeed)

given that system seps ation oCcurs

KEY DATA

Component Failure Mode Failure Rate Basis
1)

Interceptor valve sticks open A

I

’ Reheal siop valve sucks open 291E-07 A ‘
¥ * T 1
i Control valve sticks open ] 2TEO6 H |
» ' - 4
| Emergency trip fluid line (common 0 6.97E-08 B i
| governay and interceptor valve) is clogged I
i 4 ‘ 4

i 20/0PC solenoid valve failure

Notes
A  Onginal faillure data from WCAP- 11525 Rev.0

Curreit data base for BB- .96 nuclear steam chest valves. The current

fallure data consists of 24 incidents of stick’~g in 754 valvs operating

years. This data « cvrrently under further review and docuinentition in

conjunction with the Westinghouse program for tracking turbine valve

failure rates

C Utilizes criginal WCAP-11525 valve operating years (4620 years) but
assumes S0 incidents for the calculation of the failure rate for failure

o o)

4
10 ClOse



TABLE 2

Probabilities of Turbine Missile Generation

Affected by ‘nterceptor Valve (IV) and Reheat Stop Valve (RSYV) Failure

Notes:
- PM

- PA)
- P(B)
- P(M/A)

P(M/B,

Probability of turbine missile ejection given that system

IV & RSV P(A) P(M/A) P(B) POMU/B) P(T) =
Test 20% 12% P(A)*P(M/A)+P(B)*P(M/B)
y Interval ~ | Overspeed Overspeed
3 MO 1.12E-02 31.60E0S | 1.24E-06 1.35E-02 4.20E-07
12 MO 1.14E-02 160E0S | 9.81E-06 1.35E-02 SA43E0T7
18 MO 1.1SE-02 160E05 | 1.96E-05 1.35EM 6.79E-07 I
SR A ST =

separation occurs. These probabilities are multiplied by the
average annudl frequency of system separation to obtain annual
probabilities of turbirc missile ejection.
Probability of design overspeed.
Probability of intermediate overspeed.
Conditic 1al probability of missile ejection given that design

overspeed occurs.

Conditional probability of missil» ejection given that intermediate

overspeed occurs.

(*)  The caicilation of P(T) above utilizes the Unit 1 conditional

KEY DATA I
Conditious] Probabilities of Missile Ejection |
0::'::';1“ Beaver Valley 1 Besver Valley 2
(years'hours) P(M/A) P(M/B) P(M/A) P(M/E,
3/26280 1.13E-06 1.72E03 4.23E-08 1.90E-04
5/43800 * 3.60E-05 * 1.35E-02 * 2 69ELx) 2.47E03
7/61320 2.52E4% 185E02 2.96E-08 9.71E-03

probability data. The operating time of the L.P. rotors is assumed
to not exceed § years or 43,800 hours between inspecticas. The §
year values have been used in the calculation above.



M
TABLE 3
Importance Factors of Dominant Faults Contributing
to Design and Intermediate Overspeed probabilities
IV & RSY Importance Frctors :F
10t narest Design Overspeed lotermediate Overspeed
IMO A(94.68) B(85.36)
D( 4.09) D(55.34)
E( 0.65) C(38.40)
12 MO A(93.28) B(94.56)
D( 4.03) °(70.68)
E( 2.04) WN25.26)
18 MO A(92.32) B(9%.68)
D 399) C(77.84)
E( 294) D(18.66)

- Importance factors are Jetermined by summing the importances
of all cusets in which the fault appears.

- The letters A through G correspond to the following basic faults:

Two interceptor valves stick open due to common cause.
Dump valve/RSV - sticks closed.
Dump valve/IV - sticks closed.

A Control valve (CV) sticks open.

B Reheat stop valve (RSV) sticks open.

¢ Interceptor valve (TV) sticks open.

D Emergency trip fluid line (common to govemor and
interceptor valve) is clogged.

E

F

G




